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True density values range from 2. 64 to 2.90 g/cc with an average value of 

3.74. g/cc. Porosity values calculated from the density data and nercu;31 

intrusion technique are reasonabl:r close. Xercurr intxusion values vary 

between 2.7 to 6.1 percent. Very good correlations are observed bet?Jeen 

the bull density and carbon and hydrogen contents. Zigher carbon and hydrogen 

concents are associat2d Ath lower bulk density values indicating that major 

sources of carbon (and to some extent ihydrogen) are organic in origin. 

Several shale samples analyzed using X-ray diffraction revealed 

that :he major clay tineral phase Fa these shales are kaolin sinerals Mher2- 

as Slit2 has been the major clay mineral phase' in the rajoritl7 of ~211s 

thus far szudied. T'ne absence of feldspathic and mica minerals also 

dif=' er2ntL2te C-2 shalrs fro13 those of 0tSer -;ells. 
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OBJECTIT UD SCOPC, I . 

The obj2ctLve of this ~rzgram is to deterkne the r2lationshLqs 

between shale charact2riatics, hydrxarbon gas conter.t, and :;ell bcation 

to Trovide a sound basis for de?+ -,3izz the productive ca-,aci:-/ of the Eastern 

Devonian Shaie deposits and for guiding research, development, and demon- 

stration Trojects to enhance the recovers of natural gas from the shalt 

deposits. The program includes a number of elemental tasks as a ?art of 

the 42source Ixer,tory and Shale 3aract2rita:ion subuioj 2ccs of 2OE ' s 

3asc2rn Sas Shal2s ?rojec: and is designed to Trovide a :;i,da variety af 

support data for that ?rojact. 

X large zmb2r of tort samplts of gas bearing 3astex 3evoniac 

Shalt -*rid. have been examigeti by the end of the program. Alt2r the 

characterization data for LzdLyiidual -+jells ‘nave been czmoiled, att+mpts :~ili 

be zade to establish --he Int2rr2larionshiTs jet-ieen the shale zh2r2ct2risKi:s, 

the $ydrocar’bon gas conzent, and ;relL lscatLons4 :rsm 7hic.i the aaml2s :;2re 

obtaked, zmploylng the Autzmacic Iat2rac:ion 3etacrion (AX) Analysis. 

The following tasks ccnpris2 ~52 tocal ~f~~r~s Lx ~hia r2searck 

Trogram: 

Task 

7 Coit Sampling 

2 Gas Conter,t and Gas ?.2lease IZixetics 

3 Chemiral Characttrlzacioc =I Shale 

4 ?Svsicai c;~a,2acCs-G e-t-2 em b-b -rC-,rr. 3 f j’r,al2 

5 Lithoiogy 2, S’nale 

6 3ata lat2rpretation and ,z;rrelatisn. 

SATTBLLc’ - COLUMBUS 
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Detail2d dtscrL?ticns of the eqeriqental ?rocedurts mployeti Fa 

the ax2cuc:Lon of the elmental tas'ks described xere rtporr,ed 12 clle Appendix 

of the FL1ch ?uar:=riy Technical Progress Report (ORO-5205-3) subni:tad to 

U.S./;30E In Januarv 1978. 
. 

Task 1. Core Sanulinq 

C-2 'Nell. (A.?1 Cede :!21636), iixolz County, Vesr Vir;&a, was 

sampled in ;ariuar:r 19i5. CJring xas starzed at 263s fs,et and srzpped a: 

3978 feet, takiq eleven bar:213 x couqi2tt. 3aqles 3er2 72c2jlJ2d ac 

Battell on August I, 1976. ?ie cotal n~bsr of siampi2s reczi7ed :Jer2 17. 

Tabie 1 sumarizes zhe ?erzixenz veil data or! the C-2 Xell. S2V2T2i ry?2S 

Of zell 10% data art :2Dort2d Ln Tab12 3. 
* 

fas’k 2. C-as Cm=tnrs ar.d 3212252 ‘iat2s 

EATTELL - tOLUM3US 
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AS sentioned Ln the previous reports this r2yortad val;le is ?rzbably Tell 

below :Se actual ootmtial gas contents L3 :he s’nales. 3e aczuai hydro- 

carbon gas contents may ke as hiah as several ‘cties rhe vaiu2 ropor:td. 

A number of canisters from another well eouioped -At:? zecessar:: oressure 

gauges and other accessories, .dere used to ss:tia:e total aotential ;as 

contants in the shai2s. 3ese samples :jer2 aonlzor2d 0v2r a period of 

2 zlonths. 

Table 5 surmzarlzes the ex?ertieEtal findings and observed 

ixreases ix the hydrocarion gas contmts 2 30~2th~ afrer ESe Lziitial ;as 

analysis. As the data in Table 5 show, substactial azouzts of hydrocarbon 

gases were released after zhe tize of initial gas ailaiysis. The amouzlt 

rel2as2d 3uring :he 2 xzths of ;Joni:ori2g range from 32 ?er:ent ~3 as 

much as l5L Tercent over :kie kitial gas conrrtnts. X 5ubstantiaI. fraction 

cf gas is Troba5ly still c3nta4qad --- - in che shall-s. Tkis empirical 2x?2rF- 

ment, coupled with the possibility that considerable zmuxts 22 'xydrscar3on 

gas nay readily escape from s!12 shale at the :;elL site before the shales 

are sealed ir: the canisters, points to the fact thaz :he potential ‘nydio- 

carbon gas contents IT. these shales may be as zuch 2s 32vor37 522s :hat of 

the reported vailes fim the laboratory ana1yses. 3ii also ooicts to t’ne 

iznportanc2, and ?erha?s zecessizy, of soce gas analysis efforts at the :qell 
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as a function of time und2r ccntroll2d atmospheric and thermal conditions. 

These neasurements 3n a shale specimen from the C-2 Yei1 (C-2-3922) xer2 

made at t2mperatures of 25 C, 50 C, and 100 C. The weigSt loss results as 

a function of time as ilLuscrat2d Ls FLgur2 2. 3ecause of i:le very large 
weight losses observed iz comparison :Jith tSe amounts of gas or2sent in 

the shale, it became evident tSat the observed weight losses included loss 

of other substances La addition to hydrocarbcn gases. TSis :?a3 obvious 

y*ihen the sicrobaiance data were comparad wi:S the data from the r2tort 

2X’)eii32lltS, T3e latter vor!< reveaied hydrocarbon ccnt2nts in tfie order of 

0.5 to 1.0 3%. gas per gram of sha12 rjhen the microbalance data showed losses 

of 4 t0 13 mg. ?2r gram of ihai2. 

3ecause of c-he orobL2m of masking of the, hydrocarbon r2123s2 by 

:Jater in t:he nicrobalance syst2m, gas r212ase rat2s ar2 now being datarmined 

with a continuous-flow s-yst2m that deternines hydrocarbon content of the 

gases r2ltased. Tile sys:+s 2mploys a f' iame ionization d2t2c:ar for nociEorir?g 
* 

the hydrocarbons. Tn 'ihis approach, a suitable shal2 fragment is slated 

in a sealed container z4-caJ -xFch gas inl2t and outl2t. -----.a 3x2 nicrog23 Is 

oassed through the zoctainer to transport t52 hvdrocarbons :s the 22ttctor, 

cl2 fiOW Tat2 Of :he Caiii2i gas is higlh snough to L3sur2 against 
.T . . Pc,UL. lJriLlm 2ff2cz3 cn rhe ki2eiLc.s of hydrocarbon rtlezse. Calibration 

of the system is pe rfcrmeti using a standard hydrocarbon gas mixture. 32f2r2nc2 

cf the signal 0b:aiaed -L::?. z:le shale 2:s t 3 L,--- - 1 -..c- 31 i 2e standard riixt~~r2 

yii2ids a continuous grofilt of :'ne concen:ra+; &-on of the 2ffusio.g gases. 

Integration of the ar2a Under the concentraeicn c*urve and knowlel~2 sf rSe 

flow rat2 art uS2d to ,d2';2,rnine the totai amounts of ivdrocarjons released. 

Zith the low oe-rlleability of the shale sam,312s, a typical Xiaetlcs 

run r2quir2s 30-60 days at room t2mperatqdr2. Zcwev2r , tSe appara:.Ls can Se 
'r;ea - si ----A ;J ?enit ';orz ra.;Lh ~CC~~U~~:L~FJ J? da:; 2~~1 itt2r=izatLzc 2: i '- e -_.w 
;zyl2ra-.?T-s _-_ :3e F--G -4sn- --- A2 --AL---*- _li ciff*;s<or, >y;ce.gs. 

Iiavlng been exnos2d ;o stnasphere for a Isng tine, shai2 specixers 

f=go: :52 C-2 Tj211 72r2 ;10 l~r,zer aqpr3griaC2 fi?r tk2 kI;Y,:l:S ZEndi2S 

2Zp :3;713g 32 coctizuocs flJW syst23 as 30 sfqifi;22t flow rat2s of 

hydrocarbon sases xer2 z5s2rTr2ti. S-xl2 s.a.mu' _ -2s :r3’; ors2r 72113, ‘nowever, 

Save ‘~2e2 arid ;-il: 32 s;:dF26 -iitS :Sis 2et:loC. .s-- 

BAT TELLE - tOLU~wSUS 
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.Task 3. Chemical Charact2rftation Data 

Total carbon, hydrogen, and nitrogen values for the C-7 Yell ar2 

summarized in Tab12 6 (sulfur determination :jas not a part of the orogram at 

this stage). The total carbon contents range from 0.2 to 7.1 oerctnt :jLth 

an average value of 2.4 percent. Hydrogen values show a more narrow 

distribution range with values ranging betvjeen 0.4 and 0.9 percent. The carbon 

contents show a siight increase vi_rh samuI2 death as illustrat2d in Figure 3. 

Similar relationships between the hydrogen contents and s2iiqie C2?CS is ccc 

as cl2ar, as illustratsd in Fizur2 4. The fact that car +siderabl2 amounts of 

hydrogen orginatas from inorganic sourc2s (e.g., crystal *dater in clav 

minerals) zhich ar2 not r2lat2d to samnI.2 d2oth, and almost all of the carbon 

Ls organic LI-J origin (very iictl.2 carbonatts in Devonian shalls), nay 

account for the zor2 distinct relationshi? ketween tSe carbon cont2nts an d 

sapI. d2DtS conoar2d to the ‘hodrog2n ‘cont2nts as a fczcticn 35 s2mle d2Dth. 
* 

R/C aGic ratios do not show a oarticular :rs~d vi:S saqle 

depth (Figur2 5). Figure 6 summarizes the r2la:lonshis 5e:xten hydrocarbon 

gas and carbon contxts . T32ie is dn ~bvlcus ?osi:iv2 iorrtlarisn jetween 

t,le Tao c.uanti:ias . This obs2rvaticn further supports 2.42 conclusion that 

:he source 02 carbon is mainly organic in o,L,,n. v. p:, 

int2restLcgly, the rela:i;nshi? betx2en ’ t:e ._ ~ydrocarjon gas 2nd 

hydrogen cont2nts IS quite clear; and 2 ;csitive corrsiation 2xists betxeen 

the two valu2s. This is illustractd in Zig-re i. 

2IATTELLE - CCLUMSUS 
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all C-2 shale samples. hydrocarbon gas contents as a function of bulk dansity 

.are plotted in Tigure 8. ?Tegative correlations (high hydrocarbon gas 

contents with decreasing density values) Fdhich has keen observed for several 

wells is not apparent from the figure. A possible explanation for the lack 

of expected negative correlation zay possijly be that the C-2 shalas xere 

stored for a long period of tizae (about 1 year) prior to characterization 

studies. The characterization values nav have been alttred by this 

inordinate l&ngth of shelf time. Another plausible eqolanation for it may be 

that the Lnorsanic composition of the shal2s overshadows the organic coqonents 
as the controlling oaraseter of the density values. This point can be 
verified by quantfta:> 7e deterzinatlon of the inorganic coqosizion of the 

shales and stud:ring the correlations bet-Jeen density and various inorganic 

components. SurZac2 ar2a values (Tab12 7) vary bet*ieen 1.0 and 4.4 CL- 9s. 
X0 recognizablt corr2lations bet;;een surfac2 ar2as and other charact2rization 

data exist. 3e iu-= &&ace arsa values seem, to be detarzined 'ov the clay 

xineral contents in the shales. Zelationshi?s*ber.,-een the buik d2nsiiy and 

carbon and h7drogen contents are illustrattd in Figures 9 and 183 r2spectivel-y. 

Task 3. Shaie Li:holoqv 

Several shal2 ~aql2~ wer+ analyzed ‘3~7 X-ray diffraction. :Exl . 
findings ar2 sutnxariz2d in Table 1c) in 2 s2miquanti:ati-;e way . l"ajor single 

nineral Ihas Ls quartz. The C-l shale compositions differ from :he majority 

of the other wells in the composition of clav ni-aeraIs, i :Caolln knerals ar2 

tSe major Cal:: ' znerais coserved xlt1h detecta'ble azzounts of Lllit2 Tr2s2nt 

in the shales. Xi=ior to detectable quantities of pyrite and cazbomc2 

minerals (nahcoiit2, shortite, and si~erl-2) are afso found. The zinerai 

composition of these shalss a1so diffti lran zest of the other shales by 

the absence of ether tinera;s such as f2ldsnar (albit2, 2;lOiZSlttj and 3032 

Picas which ar2 quit2 frecuentlp dat~c*~~ in shales from other locations. a-w---I 

7 Lve c- 1 anal2 sarrpi2s v2i2 3 -z2di2i 3y SZX/'3Z ;2ch;=iqce. lour 

of zhe Zive s;laples ar2 2qzit2 sLz?ilar in zontaininz major ~qcantLci2a - ,J I 

kalonit2 and <‘Jar:2 2nd z33:2cit3l2 axcu::ts 0: y7riz2. 32 ZLZC,', ---ml J 
scA.hy,b 
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Some of tke quancitatiTre ZDAX results are s~~~~.rized in Table 11. 

iigures il though I.4 show SZ< ?hotomicroqaphs of 231~ C-l shales. 

Task 5: 3ata Inter?ratatioc acd Correlation 

One-to-one correlations existing among -he -7arLous 5ata kave 

beea gobted 3ut under appropriate subheadings throcghout ~52 T2pOFC _ __. 

3ecause of the mall n*der ol sannks (17) 32 Antmatic kttractisn 

3etection (AID) anal:rsis xn 572s , statistically, lot 7277 zeazizsful. 

?owey72 r , the data from :.L,e C-2 yell yere Lnccr?orated 5 be AID Analpis 

of :Se data frsm a numb2r of -.ells ix the bualachian basin acd 5e resul :s . _ 
were reported ix th2 Seventh I;uarzarlv f2chnical ?re$ress ?.2po~'c. 

. 
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Sample 30, APO, 
I.D. 

p,, 
torrs torrs torrs 

1 780 -44.5 0.040 840 104.5 0.094 5.70 

2 325 41.2 0.050 

3 810 

5.00 

5.05 855 
4 d75 106.0 0.110 1040 271.0 0 *'SO 12.13 

3 1125 391.5 0 .J60 1250 514.0 0.740 34.80 
I 

ColuEIl I 

Colunil II 

c01uii!n III 

c01l2nrl 3 

c01ul?m v 

c01Gm 31 

Column 77TT -- 

Colmn VTLI 

- I.D. number 

- Can pressure at the the of LrLtial 52s analyses (usually 3 weeks 
after canniq) . L 

- Xydrocarbon s2s ?ar tial Tressurc at the tize of gas analyses. 

- Ilolurne of hydrocarbon gas ;ier unit voLme of shalt at the tizie of 
gas analyses. 

- Can pressure az 2 raonths after the gs analyses. 

- XydrocarSon partial pressure at 2 xor,ths after the initial gas 
analyses. 

- Jydrocarjon gas volme ?er unit volme of shalt at 2 months after 
he LnizLal 32s ar-aiysas. 

- ?ercent hydrocar5on 32s 13 free space (inside the sealed can) at 
the the of LiLtial gas analyses. 
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FIGVRE 12. S"o", .XIC?.OGRiE'S OF SAXPLE C-2-3131 
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FIGURE 14. SEX XCROGRAPS OF SAMPLE C-2-3479 
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FlGURE 15. SEX XCROGiUl'H OF SXXPLE C-2-3961 
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